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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF : 

MASAKAZU FURUKAWA ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLN 

(Based on PCT/JP00/02749) : 

FILED: HEREWITH : 

FOR: HOT PLATE AND PROCESS FOR : 
PRODUCING THE SAME 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows: 

IN THE CLAIMS 

Please amend the claims as shown on the marked-up copy following this amendment 
to read as follows: 

3. (Amended) The hot plate according to claim 1, wherein the thickness of said 
resistance element is from 0.5 to 500 um. 

5. (Amended) The hot plate according to claim 1, wherein said insulating substrate is 
at least one kind selected from a nitride ceramic, a carbide ceramic and a resin. 

6. (Amended) The hot plate according to claim 1, wherein said resistance element is 
made of scaly noble metal powder. 



7. (Amended) The hot plate according to claim 1, wherein said resistance element 
has a multilayer structure, and among a plurality of layers constituting said resistance 
element, the layer nearest to the substrate is made of titanium or chromium. 

8. (Amended) The hot plate according to claim 1, wherein said resistance element is 
composed of a first layer made of titanium; a second layer made of molybdenum and having 
a larger thickness than said first layer, on said first layer; and a third layer made of nickel and 
having an intermediate thickness between the thickness of said first layer and that of said 
second layer, on said second layer. 

9. (Amended) The hot plate according to claim 1, wherein said resistance element is 
composed of a titanium layer having a thickness of 0.1 to 0.5 (am, a molybdenum layer 
having a thickness of 0.5 to 7.0 jam, on said titanium layer, and a nickel layer having a 
thickness of 0.4 to 2.5 ^im, on said molybdenum layer. 

13. (Amended) The hot plate according to claim 1, wherein said resistance element 
is formed on the lower face of the insulating substrate. 

Please add the following new claims: 

14. (New) A process for producing a hot plate wherein a resistance element having a 
thickness dispersion of ±3 (im or less is formed on an insulating substrate, 

comprising forming said resistance element by a film-depositing method based on a 
dry process. 

15. (New) A process for producing a hot plate wherein a resistance element having a 
thickness dispersion of ±3 |xm or less is formed on an insulating substrate, 

comprising forming said resistance element by RF sputtering. 

16. (New) A process for producing a hot plate wherein a resistance element having a 
thickness dispersion of ±3 |im or less is formed on an insulating substrate, 
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comprising printing a resistance element paste made of scaly noble metal powder and 
firing the paste. 



REMARKS 

Claims 1-9 and 13-16 are active in the present application. Claims 10-12 have been 

cancelled. Claims 3-9 and 13 have been amended to remove multiple dependencies. Claims 

14-16 are new claims. Support for the new claims is found in the specification on page 5, 

lines 27-35 and page 1 1, lines 24 through page 13, line 1. No new matter is believed to have 

been added. An action on the merits and allowance of claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Norman F. Obion 
Attorney of Record 
Registration No. 24,618 



Daniel J. Pereira, Ph.D. 
Registration No. 45,518 
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Marked-Up 


Copy 


Serial No: 




Amendment 


Filed on: 









IN THE CLAIMS 
Please amend the claims as follows: 

-3. (Amended) The hot plate according to claim 1 [or 2], wherein the thickness of 
said resistance element is from 0.5 to 500 |im. 

5. (Amended) The hot plate according to [any of claims 1 to 4] claim L wherein said 
insulating substrate is at least one kind selected from a nitride ceramic, a carbide ceramic and 
a resin. 

6. (Amended) The hot plate according to [any of claims 1 to 5] claim 1 . wherein said 
resistance element is made of scaly noble metal powder. 

7. (Amended) The hot plate according to [any of claims 1 to 6, characterized in that] 
claim 1 . wherein said resistance element has a multilayer structure, and among a plurality of 
layers constituting said resistance element, the layer nearest to the substrate is made of 
titanium or chromium. 

8. (Amended) The hot plate according to [any of claims 1 to 7, characterized in that] 
claim 1. wherein said resistance element is composed of a first layer made of titanium; a 
second layer made of molybdenum and having a larger thickness than said first layer, on said 
first layer; and a third layer made of nickel and having an intermediate thickness between the 
thickness of said first layer and that of said second layer, on said second layer. 
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9. (Amended) The hot plate according to [any of claims 1 to 8, characterized in that] 
claim 1 . wherein said resistance element is composed of a titanium layer having a thickness 
of 0.1 to 0.5 jam, a molybdenum layer having a thickness of 0.5 to 7.0 jam, on said titanium 
layer, and a nickel layer having a thickness of 0.4 to 2.5 (im, on said molybdenum layer. 

13. (Amended) The hot plate according to [any of claims 1 to 9, characterized in 
that] claim 1 . wherein said resistance element is formed on the lower face of the insulating 
substrate. -- 

Claims 14-16 (New). 
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Specification 



HOT PLATE AND PROCESS FOR PRODUCING THE SAME 




Field of the invention 



5 



The present invention relates to a hot plate and a process 
for producing the same. 



Background art 



In the case that, for example, a silicon wafer subjected 
10 to a photosensitive resin applying step is heated and dried in 
a process for producing a semiconductor, a heating device called 
a hot plate is usually used. Conventionally, such a hot plate 



face side of a ceramic substrate. Such a resistance element 
15 is formed using, for example, silver paste. Specif ically ,. in 
the state that a mask for screen printing is set up, silver paste 
is printed on a substrate through openings in the mask by moving 
a squeegee in a given direction. After the mask is taken off, 
the printed paste layer is heated so that a resistance element 
20 having a given pattern is baked on the substrate (for example, 
Japanese Kokai Publication Hei 11-40330 (1999) and so on) . 



ob j ect to be heated , is put on the upper surface of the- hot plate . 
By sending an electric current to its resistance element in this 
25 state, the resistance element generates heat to heat the whole 
of the silicon wafer. 



30 a silicon wafer uniformly is required in order to reduce 

dispersion in temperature inside the silicon wafer to a minimum. 
In spite of this, the above mentioned conventional hot plate 
does not have the performance of generating uniform heat that 
satisfies a level required in recent years. In the present 

35 situation, even a cause that the performance of generating 



has a structure a resistance element is arranged on the lower 



When a hot plate is used, a silicon wafer, which is an 



Summary of the invention 
Incidentally, for a hot plate, the performance of heating 



uniform heat deteriorates is not necessarily clear. Thus, in 
the case that the diameter of silicon wafers becomes still 
larger hereafter, silicon wafers having a high quality cannot 
be produced even if the above mentioned hot plate is used. 
5 Thus , the inventors made eager investigation for clearing 

up the cause that the performance of generating uniform heat 
deteriorates. As a result, the following unexpected finding 
has been obtained. 

Namely, in a screen printing step of silver paste, in the 

10 state that a mask is set up, a squeegee is moved to print the 
silver paste, and subsequently the mask is taken off from the 
substrate . At this time of taking of f , the silver paste adheres 
to the mask. Thus, if the mask is taken off in the state that 
the drying of the paste is unfinished, a portion of the silver 

15 paste adheres to the mask. For this reason, the surface of the 
printed paste layer becomes rough so that dispersion in the 
thickness of the resistance element gets large. As a result, 
the dispersion in the value of resistivity inside the resistance 
element increases so that dispersion in the calorific value 

20 inside the resistance element increases . It has been found out 
that this fact is a main cause that the performance of generating 
uniform heat deteriorates. 

Graphs of FIGs . 5(a) and 5(b) show data obtained when a 
resistance element was measured with a stylus type surface 

25 roughness meter in order to demonstrate the state that 

distribution of the thickness of the resistance element is 
generated. It can be understood from FIGs. 5(a) and (b) that 
the thickness dispersion is more remarkably generated in the 
portion perpendicular to the printing direction (that is, the 

30 direction along which the squeegee moves) than in the portion 
parallel to this direction. 

Thus, the inventors have considered that if the 
dispersion in the thickness of the resistance element is made 
small, the performance of generating uniform heat can be 

35 improved. As a result, the inventors have got the idea on the 
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present invention as described below.' That is, an object of 
the present invention is to provide a hot plate making it 
possible to heat an object to be heated uniformly, and a process 
for producing the hot plate. 
5 In order to solve the above mentioned problems , a subject 

matter of a first aspect of the present invention is a hot plate 
wherein a resistance element having a thickness dispersion of 
±3 pjn or less and preferably ±1 |Ltm or less is formed on an 
insulating substrate. 

10 In the present specification, the thickness dispersion 

is defined as follows. When the surface of the insulating 
substrate is set to a zero point and a surface roughness curve 
of the surface of the resistance element is drawn with a stylus 
type surface roughness meter, this curve represents the 

15 thickness. Thus, along this curve, 10 points are arbitrarily 
selected. Average thickness Tav can be obtained by averaging 
them. The maximum thickness at the measured points is defined 
as Tmax, and the minimum thickness at the measured points is 
defined as Tmin . The larger value between the absolute value 

20 of Tmax - Tav and that of Tmin - Tav is defined as a dispersion. 
In the case that the absolute value of Tmin - Tav is- larger one, 
the symbol is attached to the value of a dispersion. The 

Tmin - Tav does not exceed the average thickness Tav. 

In the first aspect of the present invention, the 

25 thickness of the resistance element is desirably from 0 . 5 to 
500 (Jm, and more desirably from 1 to 10 |im . The surface 
roughness Ra of the insulating substrate surface on which a 
resistance element is formed is desirably 2.0 Jim or less and 
more desirably 1 |0m or less. The above mentioned insulating 

30 substrate is desirably a nitride ceramic substrate or a carbide 
ceramic substrate . 

In the first aspect of the present invention, the 
resistance element is desirably made of scaly noble metal powder . 
It is also desirable that the resistance element has a 

35 multilayer structure and the layer nearest to the substrate 
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among a plurality of the layers constituting the resistance 
element is made of titanium or chromium. 

In the .first aspect of the present invention, the 
resistance element is desirably composed of a first layer made 
5 of titanium, a second layer made of molybdenum and having a 
larger thickness than the first layer, on the first layer, and 
a third layer made of nickel and having an intermediate 
thickness between the thickness of the first layer and that of 
the second layer, on the second layer. The resistance element 
10 is preferably composed of a titanium layer having a thickness 
of 0.1 to 0.5 |im, a molybdenum layer having a thickness of 0 . 5 
to 7 . 0 |Jm, on the titanium layer, and a nickel layer having a 
thickness of 0.4 to 2.5 pm on the molybdenum layer. 

A second aspect of the present invention is a process for 
15 producing a hot plate wherein a resistance element having a 
thickness dispersion of ±3 |LUn or less is formed on an insulating 
substrate, characterized by forming a resistance element by a 
film-depositing method based on a dry process. 

In the second aspect of the present invention, the 
20 resistance element is desirably formed by RF sputtering. 

The subject matter of a third present invention is a 
process for producing a hot plate wherein a resistance element 
having a thickness dispersion ' of ±3 |im or less is formed, on an 
insulating substrate, which is characterized by printing a 
25 resistance element paste made of scaly noble metal powder and 
firing the paste. 

The "effect" of the present invention will be described 
hereinafter. 

According to the first aspect of the present invention, 
30 the thickness dispersion of the resistance element formed on 
the insulating substrate is ±3 |im or less, and is smaller than 
that of conventional hot plates. For this reason, the 
dispersion in the value of resistivity inside the resistance 
element becomes small. As a result, the dispersion in the 
.35 calorific value inside the resistance element becomes small, 
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so that an object to be heated can be uniformly heated. The 
inventors have obtained the finding from tests that by setting 
the surface roughness Ra of the ceramic substrate surface on 
which a resistance element is formed to 2.0 or less and 
5 desirably 1.0 [im or less, the thickness dispersion of the 
resistance element can be further reduced. 

According to the second aspect of the present invention, 
in the case of the film-depositing method based on a dry process , 
the thickness dispersion of the formed resistance element 

10 becomes small. The resistance element becomes denser than 
resistance elements obtained by any film-depositing method 
based on a wet process, such as plating. Accordingly, the 
dispersion in the value of resistivity inside the resistance 
element becomes small. As a result, the dispersion in the 

15 calorific value inside the resistance element becomes small/ 
In short, when the production process of the present invention 
is carried out, a hot plate having the above mentioned superior 
properties can be easily and surely produced. 

If RF sputtering, which is one of physical film- 

20 depositing methods, is adopted in this case, the resistance 
element is made still denser so that inner defects are not easily 
generated in the resistance element. As a result, the 
dispersion in the value of resistivity becomes very small. 
Adhesiveness of the resistance element to the substrate also 

25 becomes very high so that a resistance element that is not easily 
exfoliated can be obtained. 

According to the third aspect of the present invention, 
even if a film-depositing method based on a wet process is 
adopted, a resistance element having a small thickness 

30 dispersion can be obtained by printing a resistance element 
paste made of scaly noble metal powder and firing the paste. 
The scaly noble powder is oriented when the paste is printed; 
therefore, the powder does not easily adhere to the mask so that 
the dispersion in the thickness of the resistance element 

35 becomes small . 
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Brief description of the drawings 
FIG. 1 is a general cross section view that schematically 
shows a hot plate unit according to an embodiment of the present 
5 invention. 

FIG. 2 is a general bottom plain view of the hot plate 
according to the embodiment. 

FIG. 3 is an enlarged cross section view of a main portion 
of the hot plate according to the embodiment. 
10 FIGs. 4(a) to (c) are graphs showing measurement results 

of the Ra values of hot plates of respective examples. 

FIGs. 5(a) and (b) are graphs showing measurement results 
of the Ra values of conventional hot plates. 

15 Explanation' on symbols 

3 hot plate 

3b lower face of the surface on which resistance element is 
formed 

9 insulating substrate (aluminum nitride substrate) 

20 10 resistance element 

15 first layer (titanium layer) 

16 second layer (molybdenum layer) 

17 third layer (nickel layer) 

25 Detailed disclosure of the invention 

Referring to FIGs . 1 to 4 , embodiments of the hot plate 
unit of the present invention will be specifically described 
hereinafter . 

FIG. 1 is a cross section view that schematically shows 
30 an embodiment of the hot plate unit of the present invention. 

This hot plate unit 1 has a casing 2 and a hot plate 3 
as main constituents . 

The casing 2 is a member made of a metal and having a bottom . 
The casing 2 has at its upper side an opening 4 having a circular 
35 section. The hot plate 3 is fitted into this opening 4 through 



an annular seal ring 14. A lead wire pulling-out hole 7, into 
which lead wires 6 for supplying an electric current are 
inserted, is made in the outer peripheral portion of a bottom 
2a of the casing 2. The respective lead wires 6 are pulled out 
from the hole to the outside of the casing 2. 

This hot plate 3 is a hot plate for low temperature, which 
is a member for drying a silicon wafer Wl at 150 to 200 °C , onto 
which a photosensitive resin is applied. The hot plate 3 is 
made of a nitride ceramic substrate (specifically, aluminum 
nitride substrate) 9 which is an insulating substrate. The 
reason why aluminum nitride is selected as the material for the 
hot plate is that aluminum nitride has a higher thermal 
conductivity than other ceramics and is very advantageous for 
an improvement in the performance of generating uniform heat. 

As the nitride ceramic, silicon nitride, boron nitride 
and the like may be used. Instead of the nitride ceramic, 
carbide ceramic such as silicon carbide, titanium carbide or 
boron carbide may be used. 

Also, if the hot plate is for low, temperature, it is 
unnecessary that its insulating plate is made of a ceramic. A 
resin plate, such as an epoxy resin plate or a polyimide plate 
may be used. 

If a ceramic is used as the insulating substrate in the 
hot plate of the present invention, the hot plate can.be used 
not only at low temperature but also at 200 to 800 °C . 

The insulating substrate 9 made of aluminum nitride 
according to the present embodiment is a disk-like member having 
a thickness of about 1 to 100 mm, and is designed in the manner 
that its diameter is somewhat smaller than the outer size of 
the casing 2 . 

FIG. 2 is a bottom plain view showing the lower face of 
the insulating substrate 9 made of aluminum nitride, and FIG. 
3 is a cross section view that schematically showing a part 
thereof . 

As shown in FIG. 2, a resistance element 10 having a 
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thickness distribution of ±3 |Jm or less is made into a given 
pattern on the surface on which a resistance element is formed 
(that is, a lower face) 3b of the insulating substrate 9 made 
of aluminum nitride. In the case of this insulating substrate 
5 9, the resistance element .10 meanders on the whole of the lower 
face 3b. The width of the pattern of the resistance element 
10 is uniform and the value thereof is set to 500 |im . Circular 
pads 10a for connecting a pin are made at both ends of the 
resistance element 10 and terminals pins 12 are connected 
10 thereto. 

The surface roughness Ra of the lower face of the aluminum 
nitride substrate 9 is desirably 2.0 |im or less, more desirably 
1.0 Jim or less, still more desirably 0.5 pi or less, and most 
desirably 0.1 |M or less. This is because the inventors have 

15 obtained the finding from tests that the thickness dispersion 
of the resistance element 10 can be reduced by making the surface 
roughness Ra of the lower face 3b small. On the other hand, 
it is presumed that if the surface roughness Ra of the lower 
face 3b is too large, unevenness at the lower face 3b side of 

20 the insulating substrate 9 made of aluminum nitride influences 
the resistance element 10 so that unevenness is easily appeared 
in the upper face of the resistance element 10. 

As shown in FIG. 3, the resistance element 10 according 
to the present invention has a multilayer structure 

25 (specifically, a 3-layer structure) . Respective layers 15, 16 
and 17 are thin metal layers made by sputtering, which is one 
of physical film-depositing methods. All of these thin metal 
layers are desirably made of a conductive metal. 

The first layer 15 is formed to adhere closely to the lower 

30 face 3b of the aluminum nitride substrate 9. The second layer 
16 is formed on the first layer 15 and the third layer 17 is 
formed on the second layer 16. In other words, the first layer 
15 is a lowermost layer, the third layer 17 is an uppermost layer, 
and the second layer 16 is a layer positioned in the middle of 

35 the two layers 15 and 17. 
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In the case of the present embodiment wherein the aluminum 
nitride substrate 9 is selected, the first layer 15 positioned 
nearer to the insulating substrate 9, among the three layers 
15, 16 and 17 constituting the resistance element 10, is 
5 desirably made of titanium or chromium. Furthermore, the first 
layer 15 is more preferably made of titanium having a thickness 
of 0.1 to 0.5 |Jm. This is because titanium has superior 
adhesiveness onto a nitride ceramic such as aluminum nitride 
and makes it possible to improve the adhesive strength as the 

10 whole of the resistance element 10. If the titanium layer (Ti 
layer) which is the first layer 15 is too thin, it is feared 
that the adhesiveness cannot be sufficiently improved. On the 
other hand, if the first layer (Ti layer) 15 is too thick, the 
adhesiveness is suitably improved but it is feared that 

15 productivity drops or costs rise. 

The metal material making the third layer 17 is desirably 
nickel. The reasons why nickel is selected are as follows. 
First, by coating with nickel, the surface of the resistance 
element 10 is prevented from being oxidized so that the 

20 dispersion in the value of resistivity can be still more reduced . 
Second, solder adheres easily to nickel; therefore, nickel is 
suitable for the case in which the nickel will be connected to 
pins afterward. 

In the above mentioned case, the thickness of the nickel 

25 layer (Ni layer) , which is the third layer, is desirable an 
intermediate thickness between that of the first layer 15 and 
that of the second layer 16. Specifically, the third layer is 
desirably formed to have a thickness within the range of 0.4 
to 2 . 5 (am. If the nickel layer 17 is too thin, it is feared 

30 that the above mentioned surface oxidization preventing effect 
is insufficient. On the other hand, if the nickel layer 17 is 
too thick, sufficient surface oxidization preventing effect can 
be obtained but it is feared that productivity drops or costs 
rise. 

35 As the metal material making the second layer 16, 
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molybdenum is desirably selected. The reasons why molybdenum 
is selected are as follows. First, the adhesiveness between 
titanium and nickel is improved by interposition of molybdenum. 
Second, combination of nickel and molybdenum makes it possible 
5 to maintain the thickness of the resistance element 10 more 
easily than only use of nickel. Third, the specific resistance 
and sputtering rate of molybdenum are substantially equivalent 
to those of nickel. 

In the above mentioned case, it is desirable that the 

10 molybdenum layer (Mo layer) , which is the second layer, is 
formed to have a larger thickness than the first layer 1.5. 
Specifically, the molybdenum layer is desirably formed to have 
a thickness within the range of 0 . 5 to 7 . 0 Jim . If the molybdenum 
layer 16 is too thin, it is feared that the improvement in 

15 adhesiveness between the first layer 15 and the third layer 17 
and the maintenance of the thickness of the resistance element 
10 cannot be sufficiently attained. On the other hand, if the 
' molybdenum layer 16 is too thick, it is feared that productivity 
drops or costs rise. 

20 The resistance element paste made of scaly noble metal 

powder is preferably made of one or more noble metal powders, 
an oxide and an organic vehicle. 

The noble metal is preferably one or more kind (s) selected 
from gold, silver, platinum and palladium. The oxide is 

25 preferably at least one or more kind ( s ) selected from lead oxide, 
zinc oxide, silica, boron oxide and alumna. As the organic 
vehicle, cellulose acetate and the like can be used. 

The resistance element paste made of scaly noble metal 
powder is oriented when it is printed. Therefore, the paste 

30 does not adhere easily to the mask. 

The total thickness of the resistance element 10 is 
preferably from 1 to 500 Jdm . More preferably from 1 to 10 |lm, 
still more preferably from 1 to 5 |lm and most preferably from 
2 to 4 |im. The reason of this is explained as follows. For 

35 instance, if the resistance element 10 is made thicker than is 



needed in the case of a physical film-depositing method, a total 
film-depositing period becomes long. As a result, it is feared 
that productivity drops or costs rise. On the other hand, if 
the resistance element 10 is too thin, the degree of the 
dispersion in the value of resistivity resulting from the 
dispersion in the thickness increases so that the performance 
of generating uniform heat cannot be sufficiently improved. 

The resistance element having a thickness of 10 jiim or less 
can be formed by printing a resistance paste or RF sputtering. 
In the case that the thickness is over 10 |lm, a method of 
laminating a metal foil and the like can also be adopted. The 
metal foil has a small thickness dispersion and is profitable 
for the present invention. 

As shown in FIGs . 1 to 3 , base portions of the terminal 
pins 12 made of a conductive material are connected to pads 10a 
at two ends of the resistance element 10 with solder. 
Electrical conduction is attained between each of the terminal 
pins 12 and the resistance element 10. A socket 6a having a 
lead wire 6 is fitted onto the tip of each of the terminal pins 
12. Therefore, when an electric current is supplied to the 
resistance element 10 through the lead wire 6 and the pin 12, 
the resistance element 10 generates heat so that the whole of 
the hot plate 3 is heated to about 150 to 200 °C . 

The following will briefly describe an example of the 
process for producing the hot plate 3. 

If necessary, a sintering aid such as yttrium, a binder 
and so on are added to aluminum nitride powder to prepare a 
mixture. The mixture is homogeneously kneaded with a 
three-roll and the like to prepare a pasty kneaded product. 
This kneaded product is used as a raw material to produce a 
disc-like molded green product having a thickness of about 1 
to 25 mm by press-molding. 

The produced green molded product is subjected to 
punching or drilling to form holes. In this way, non- 
illustrated pin-inserting holes are formed. Next, the green 
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molded product subjected to the hole-making step is dried, and 
subjected to pre-sintering and real sintering to sinter the 
product completely. In this way, the insulating substrate 9 
made of aluminum nitride is produced. The sintering step is 
desirably carried out with a hot press machine, and the 
temperature in this step is desirably set to about 1500 to 2000 
°C. 

Thereafter, the insulating substrate 9 made of aluminum 
nitride is cut out into a circular form having a given diameter 
(230 mm<|> in the present embodiment) , and this is subjected to 
surface polishing processing, using a buffing machine and the 
like . At this time , a diamond grindstone is used as a grindstone 
to polish the substrate in the manner that the surface roughness 
Ra of the lower face 3b of the insulating substrate 9 is made 
to 1.0 |lm or less. Namely, at this time, the lower face 3b is 
made to a mirror plane. 

Subseguently , the whole of the lower face 3b, made to the 
mirror plane, of the insulating substrate 9 made of aluminum 
nitride is subjected to a film-depositing step based on a dry 
process. In the present embodiment, RF sputtering is adopted 
as one of film-depositing steps based on a dry process. More 
specifically, a device having both a high-f reguency power 
source and a DC power source (a FR-DC coupled type bias 
sputtering device) is used to perform sputtering. At this time, 
titanium, molybdenum and nickel are sputtered in this order to 
laminate and form thin metal layers, which are three layers, 
on the lower face 3b of the substrate. Next, a resist having 
a given pattern is formed on the thin metal layers. With the 
resist on, etching is performed to form the resistance element 
10 having a given shape and having a thickness dispersion of 
±3 jam or less. 

Thereafter, the terminals pins 12 are bonded to the 
respective pads 10a through solder SI. After the hot plate 3 
is completed in this way, this is fitted into the opening 4 in 
the casing 2 so as to complete the desired hot plate unit 1 shown 
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in FIG . 1. 

The present invention will be more specifically described 
hereinafter . 

5 Best mode for carrying out the invention 

(Production of samples ) 

Here, according to the above mentioned process, four 
types of samples for tests, comprising the insulating substrate 
9 made of aluminum nitride, were produced. In samples 1, 2 and 

10 3 (Examples 1, 2 and 3) , when the resistance element 10 having 
a three-layer structure and having a pattern width of 500 |Jm 
was formed by RF sputtering, the thickness of the, whole thereof 
was set up to 3 [im . The thickness of a titanium layer, which 
was the first layer 15, that of a molybdenum layer, which was 

15 the second layer 16, and that of a nickel layer, which was the 
third layer 17, were set up to 0.2 ^m, 2.0 urn, and 0.8 |im, 
respectively. In the surface polishing step before a film- 
depositing step, polishing was performed in the manner that the 
surface roughness Ra of the lower faces 3b of the substrates 

20 9 (the value measured with a stylus type surface roughness meter 
(E-RCS01A made by Tokyo Seimitsu Co. , Ltd.) ) would be made to 
0 . 3 Jim, 0 . 1 urn and 0 . 03 Jim in the samples 1 , 2 and 3 , respectively . 

Furthermore , to 100 parts by weight of scaly silver powder 
(Ag-520 , made by Showei Kogyou . Co) , 7.5 parts by weight of metal 

25 oxides made of lead oxide, zinc oxide, silica, boron oxide and 
alumina (ratios by weight were 5/55/10/25/5) was added, to 
prepare a paste. This was printed on am aluminum substrate and 
sintered at 780 °C to obtain a hot plate as a sample 4 (Example 
4) . 

30 On the other hand, in a sample 5 (Comparative Example 1) , 

the resistance element 10 having a thickness of 6 |0m was printed 
and formed on the lower face 3b of the insulating substrate 9 
made of aluminum nitride, using a commonly used silver paste 
(Solvest PS603D, made by Tokuriki Kagaku Kenkyu-zyo) . Its 

35 pattern form and pattern width were set in the same way as in 
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Examples 1 to 3 . In the surface polishing step before a 
film-depositing step, polishing was performed in the manner 
that the surface roughness Ra of the lower faces 3b of the 
substrates 9 would be made to about 3.0 Jim . 
5 (First Comparative Test) 

According to a method known in the. prior art, the stylus 
type surface roughness meter was used to measure the values of 
the surface roughness Ra of the resistance elements 10 in the 
5 samples. Graphs of FIGs . 4(a), 4(b) and 4(c) show measured 

10 data on the samples 1, 2 and 3, respectively. The above 

mentioned graphs of FIGs. 5(a) and 5(b) show measured data on 
the sample 5. As a result, the measured values of the samples 
1 to 3 were evidently smaller than the measured value of the 
sample 5. Namely, the thickness dispersions of the resistance 

15 elements 10 of the samples 1 to 3 were ±1 Jim or less, and were 
+ 0.7 pm, +0.5 |im, and -0.3 (inn, respectively. It was 
demonstrated that these thickness dispersions were far smaller 
than the thickness dispersion (+3.1 jam) in the resistance 
element 10 of the sample 5. The thickness dispersion of the 

20 sample 4 was +2.0 |im. It was also demonstrated that as the 
surface roughness Ra of the lower face 3b of the substrate 9 
was smaller, the thickness dispersion of the resistance element 
10 was smaller. The values, of Ra of the samples 1 to 5 were 
0.5 |Jm, 0.1 pm, 0.03 Jim, 0.5 \xm and 2.1 pm, respectively. 

25 (Second Comparative Test) 

The respective samples 1 to 5 were perpendicularly cut 
along the thickness direction of their substrates, and the cut 
surfaces of the resistance elements 10 were observed with an 
optical microscope. As a result, the resistance elements 10 

30 of the samples 1 to 3 had a dense structure which hardly had 
defects therein. On the other hand, in the samples 4 and 5 
defects were partly generated in the resistance element 10 . The 
samples 4 and 5 were poorer than the samples 1 to 3 in denseness. 
(Third Comparative Test) 

35 Next, these 5 insulating substrates 9 made of aluminum 
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nitride were used to make hot plate units 1. In the state that 
the semiconductor wafer Wl , which was an object to be heated, 
was put on each of the substrates , the wafer was actually heated . 
As the semiconductor wafer Wl , a commercially available test 
5 wafer wherein temperature sensors (thermocouples) were 
beforehand embedded in plural positions was used. 

In this test, the hot plate 3 was heated to the set 

temperature (180 °C herein) by sending an electric current into 
the resistance element 10. In the state that the rate of 

10 temperature increase became about zero, the temperatures at the 
respective positions were measured with a thermo viewer 
(IR-162012-0012 , made by Nippon Datum. Co) and the difference 
between the maximum value and the minimum value thereof (the 
value of the dispersion in the temperature) was calculated. 

15 As a result, the values of the dispersion in the 

temperature were within 0.2 °C, 0.15 °C, 0.1 °C, and 0.25 °C in 
the test wafers of the samples 1, 2, 3 and 4, respectively. 
Namely, it was demonstrated that as the surface roughness Ra 
of the lower face 3b of the insulating substrate 9 was smaller, 

20 th£ dispersion in the temperature in the test wafer was smaller . 
On the other hand, the value of the dispersion in the temperature 
in the sample 5 was 0.4 °C or less, and was evidently poorer 
than the results of the samples 1 to 4 . Not only on the test 
wafer side but also on the side of the insulating substrate 9, 

25 multipoint-temperature-measurement was performed, so that 

substantially the same tendency as the above was recognized. 
The temperature was raised to 400 °C , so that the values were 
7 °C, 6 °C, 4 °C, 7 °C and 10 °C in the samples 1, 2, 3, 4 and 
5, respectively. 

30 Accordingly, the following effects can be obtained 

according to the respective examples of the present 
embodiments . 

(1) In this hot plate 3, the thickness dispersion of the 
resistance element 10 formed on the insulating substrate 9 made 
35 of aluminum nitride is ±3 |irn or less and is smaller than 
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conventional ones . For this reason, the dispersion in the value 
of resistivity inside the resistance element 10 is small so that 
the dispersion in the calorific value inside the resistance 
element 10 is small. As a result, it is possible to realize 
,5 the hot plate 3 that can heat the semiconductor wafer Wl 

uniformly, namely, the hot plate 3 that is superior in the 
performance of generating uniform heat. 

(2) When this hot plate 3 for heating a wafer is used, 
finally a semiconductor chip having a high quality can be 

10 effectively produced. 

(3) In the respective examples of the present embodiment, 
a surface polishing processing step before a film-depositing 
step is carried out to set the surface roughness Ra of the lower 
face 3b of the insulating substrate 9 made of aluminum nitride 

15 to 2.0 Jim or less. Therefore, the thickness dispersion of the 
resistance element 10 can be still more reduced. The execution 
of such processing results in a greater improvement in the 
performance of generating uniform heat. 

(4) In this hot plate 3, the substrate 9 made of aluminum 
20 nitride is used. Therefore, the influence coming from the 

dispersion in heat-generating temperature of the resistance 
element 10 can be cancelled out to some extent by high thermal 
conductivity of the substrate 9 itself. In other words, the 
selection of the substrate 9 made of aluminum nitride 
25 contributes to a greater improvement in the performance of 
generating uniform heat. 

(5) When the resistance element 10 having a three-layer 
structure made of titanium, molybdenum and nickel is formed in 
this hot plate 3, the total thickness thereof, and the thickness 

30 of layers 15,16 and 17 are set within the above mentioned ranges . 
Therefore, the resistance element 10 superior in the 
performance of generating uniform heat, adhesiveness and so on 
can be formed without damaging productivity or costs . 

(6) In the respective Examples of the present embodiment, 
35 the resistance element 10 is formed by RF sputtering, which is 



one of physical film-depositing methods . For this reason, the 
thickness dispersion of the obtained resistance element 10 is 
very small. The resistance element 10 becomes denser as 
compared with film-depositing methods based on a wet process, 
such as plating. Thus, inner defects are not easily generated. 
As a result, the dispersion in the value of. resistivity is very 
small so that the dispersion in the calorific value inside the 
resistance element 10 becomes very small and the performance 
of generating uniform heat can by highly improved. The 
resistance element 10 that is not easily exfoliated can be 
obtained since the adhesiveness of the resistance element 10 
to the insulating substrate 9 becomes very high. In short, if 
this production process is carried out, the above mentioned 
excellent hot plate 3 can be easily and surely obtained. 

The embodiment of the present invention may be modified 
as follows . 

The resistance element 10 is not limited to the 
three-layer structure, and may be two-layer structure or a 
multilayer structure having four or more layers. The 
resistance element 10 may be made into a monolayer structure. 
The material of the first sputtered layer 15 in the embodiment 
may be changed from titanium to chromium. 

The process for forming the resistance element 10 is not 
limited to the above mentioned manner, and may be as follows. 
A film made of a material for resists is first formed on the 
whole of the lower face 3b of the aluminum nitride substrate 

9 by RF sputtering. Next, openings are made into a pattern-at 
given positions of the film. The openings, correspond to 
positions where the pieces of the resistance element 10 are to 
be formed. Next, a thin metal layer is formed on the resist 
by RF sputtering. Thereafter, the resist that has become 
unnecessary is exfoliated. By this method, the resistance 
element 10 can be easily and surely formed. 

The thin metal layer constituting the resistance element 

10 may be formed by a method other than RF sputtering, for example , 
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ECR sputtering, bipolar sputtering, magnetron sputtering and 
the like. As the film-depositing method based on a dry process 
other than sputtering, it is allowable to adopt, for example, 
a physical film-deposition method such as ion plating, a cluster 
ion beam process, vacuum deposition or PVD , or a chemical 
film-deposition method, such as CVD. 

The surface polishing processing onto the insulating 
substrate before the film-depositing step may be omitted if it 
is unnecessary. 

The product to be heated is not limited to the 
semiconductor wafer Wl , and may be a product other than it. 

Industrial applicability 

As described above in detail, according to the present 
invention, it is possible to provide a hot plate making it 
possible to heat an object to be heated uniformly. 

According to the production process, the performance of 
generating uniform heat can be improved without damaging 
productivity or costs. 

It is also possible to provide a resistance element 
superior in performance of generating uniform heat, 
adhesiveness and so on, without damaging productivity or costs . 



Claims 



1. A hot plate wherein a resistance element having a 
thickness dispersion of ±3 |nm or less is formed on an insulating 
substrate . 

2 . The hot plate according to claim 1 , wherein the thickness 
dispersion of the resistance element is ±1 |nm or less. 

3. The hot plate according to claim 1 or 2 , wherein the 
thickness of said resistance element is from 0.5 to 500 fim . 

4 . The hot plate according to claim 3 , wherein the thickness 

of said resistance element is from 1 to 10 (Jm . 



5. The hot plate according 

said insulating substrate is 
a nitride ceramic, a carbide 



to any of claims 1 to 4 , wherein 
at least one kind selected from 
ceramic and a resin. 



6. The hot plate according to any of claims 1 to 5, wherein 
said resistance element is made of. scaly noble metal powder. 

7. The hot plate according to any of claims 1 to 6 , 
characterized in that said resistance element has a multilayer 
structure, and among a plurality of layers constituting said 
resistance element, the layer nearest to the substrate is made 
of titanium or chromium. 

8. The hot plate according to any of claims 1 to 7 , 
characterized in that said resistance element is composed of 
a first layer made of titanium; a second layer made of molybdenum 
and having a larger thickness than said first layer, on said 
first layer; and a third layer made of nickel and having an 
intermediate thickness between the thickness of said first 
layer and that of said second layer, on said second layer. 



9. The hot plate according to any of claims 1 to 8 , 
characterized in that said resistance element is composed of 
a titanium layer having a thickness of 0 . 1 to 0 . 5 Jim , a molybdenum 
layer having a thickness of 0 . 5 to 7 . 0 ujr, on said titanium layer, 
and a nickel layer having a thickness of 0.4 to 2.5 pm, on said 
molybdenum layer. 

10. A process for producing a hot plate wherein a resistance 
element having a thickness dispersion of ±3 |im or less is formed 
d'n an insulating substrate, 

characterized by forming said resistance element by a 
film-depositing method based on a dry process. 

11. A process for producing a hot plate wherein a resistance 
element having a thickness dispersion of ±3 urn or less is formed 
on an insulating substrate, 

characterized by forming said resistance element by RF 
sputtering . 

12. A process for producing a hot plate wherein a resistance 
element having a thickness dispersion of ±3 uin or less is formed 
on an insulating substrate, 

characterized by printing a resistance element paste made 
of scaly noble metal powder and firing the paste. 
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Abstract 



An object of the present invention is to provide a hot 
plate making it possible to heat an obj ect to be heated uniformly, 
and the hot plate of the present invention is characterized in 
that a resistance element having a thickness dispersion of ±3 
Jim or less is formed on an insulating substrate. 
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